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ABSTRACT

The effect of dynamometer inertia weight and road load horsepower,
vehicle tune parameters, and smoothing the emission test driving schedule
on exhaust emissions and fuel economy were studied. Actual vehicle road-
load horsepower was measured by coast-down time and engine manifold vacuum.
Tests were performed on 50 1968 through 1975 model year vehicles. 1975
and Modified 1972 Federal Test Procedures were used.

Observed differences in exhaust emission and fuel economy test
results were tested for statistical significance. Vehicle coast-down
times showed actual vehicle road load horsepower was, on the average, 42%
greater than the horsepower schedule used in the Federal Test Procedure
at a very high level of statistical significance,.

This report was submitted in fulfillment of Project Number 2110
and Contract Number ARB4-726 by Automotive Environmental Systems, Inc.
under the sponsorship of the California Air Resources Board. Work was

completed as of December 22, 1975.
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1. INTRODUCTION

The State of California Air Resources Board has identified the
need to quantify, by controlled experimentation, the effect of several
variables on the results of automotive emission testing. While the
state CVS exhaust emission test procedure specifies the driving schedule
the sample train and analytical instrumentation, and the test conditions,
many variables remain unspecified. These variables may be incorrectly
set, or have large tolerances which may greatly affect ‘emission test
results.

The effects of dynamometer inertia and road load horsepower
settings upon exhaust emission test results were not covered adequately
in the literature reviewed by AESi, and yet are known by all familiar
with CVS testing procedures to have significant influence. Some work
done by AESi for the U. S. Evironmental Protection Agency as part of a
large scale testing program was directed towards determining statistically
significant differences between testing cars at inertial settings of 250
pounds different from specified test weight. No statistical differences
were found at that level with the few cars tested. However, the change
in emissions level was detectable.

The variability in exhaust emission results associated with
dynamometer road load setting is well known to the automobile manufac-
turers, although they have not published any substantial data on the
subject. Most manufacturers are very concerned about the precision with
which horsepower can be set on the accepted chassis dynamometers, and the
repeatiability of this setting throughout the test. Because of this
problem, manufacturers have installed very expensive all-electric type
chassis dynamometers in their quality audit lanes.

Another group of variables needing evaluation is that of engine
parameters consisting of idle speed, idle air/fuel ratio in % CO, and

basic ignition timing. Data have been developed by numerous firms relating
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some of these variables to exhaust emission results. In work for the
Coordinating Research Council Air Pollution Research Advisory Committee,
TRW Systems, and Scott Research Laboratories jointly performed parametric
analyses of the effect of engine parameter changes upon exhaust emissions.
These analyses, however, are a few years old and should be augmented to
account for effects of newer vehicles/emission control systems.

Another significant variable affecting exhaust emission measurements
is the precision with which the driving schedule is driven. In working with
numerous companies in the vehicle emissions testing field, AESi engineers
had observed different policies relating to the driving the schedule. Some
companies do everything possible to follow the trace exactly. Other com-
panies specifically round-off abrupt speed or mode changes, using all of the
speed and time tolerance provided by the test procedure.

Because of these needs AESi conducted this program investigating
the following variables:

1. Dynamometer inertia weight settings.

2. Dynamometer road load horsepower settings.

3. Engine tune parameter settings (idle CO, idle speed, and

basic ignition timing).

4. Test vehicle driving technique
To quantify the effect of these variables, AESi tested 50 1968 through 1975
model year vehicles. The description and results of this project are pre-

sented in this report.
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2.0 CONCLUSIONS

Conclusions developed from this program are:

Actual road load horsepower, as determined by open road coast down
procedures, is about 42% higher, on the average, than the current

EPA schedule used to set dynamometer road load horsepower.

Increasing dynamometer road load horsepower to the coast-down road
load horsepower increased oxides of nitrogen emissions (on the average
0.48 grams/mile) and decreased vehicle fuel economy (0.48 miles per

gallon oxr about 4%).

Increasing dynamometer inertia to the maximum vehicle load rating
(about 870 pounds inertia on the average) increased oxides of nitrogen
emissions (0.49 grams/mi) and decreased vehicle fuel economy {about

0.61 miles per gallon or about 5%).

Decreasing idle speed 100 rpm increased hydrocarbons (0.22 grams/mi),
decreased carbon dioxide (34.1 grams/mi}, and increased fuel economy

(0.53 miles per gallon or about 4%).

Advancing basic timing 5 degrees increased hydrocarbons (0.23 grams/
mile), decreased carbon dioxide (30.2 grams/mile), increased oxides
of nitrogen (0.46 grams per mile), and increased vehicle fuel economy

(0.46 miles per gallon or about 3%).

Increasing idle CO 1% increased carbon monoxide (8.57 grams/mile) and

decreased vehicle fuel economy (0.23 miles per gallon or about 1.5%).
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7. Smoothing the driving schedule to the maximum permitted as measured
on ten 1975 model year vehicles, reduced carbon monoxide emissions
(1.8 grams per mile) and improved vehicle fuel economy (0.58 miles

per gallon or about 5 percent).

Each of the above conclusions is based upon a specific incremental change
being made in a tune-up parameter or dynamometer parameter. In order to
determine the functional relationships between the parameter changes and
emissions, further study will be required. However, this program does
indicate the emission changes that can be expected at the given change in
the parameter. For example, the results indicate that a 1% increase in
idle CO will result in carbon monoxide increasing an average of 8.57 gms/
mile. However, the results of this program do not predict the change to
be expected when idle CO is increased any other amount such as 0.5%, 1.5%

or 2%.
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3.0 RECOMMENDATIONS
The following are recommendations derived from this program.

In order to determine an expected change in emission level or vehicle
economy due to a change in the dynamometer settings:

e Repetitive testing should be made on each vehicle (e.g., repeat
baseline test three times) for each test condition on a fewer
number of vehicles.

e Incremental changes in test conditions should be made on the same
vehicle covering a wide range for that test condition (e.g. increase
inertia 250, 500, 1000, and 1500 pounds).

In order to determine an expected change in emission level or vehicle
fuel economy due to a tune parameter:
® Repetitive testing should be made on a smaller vehicle sample.
e Incremental changes in tune parameters should be made on each
vehicle over a wide range (e.g., increase timing 2, 4, 6, 8,

etc. degrees).

Additional studies should be made on the open road vehicle coast-down
method to determine the effect of variables such as temperature, tire

type, and road surface as well as to determine test repeatability.

The vehicle coast down method should be subtituted in place of the mani-
fold vacuum method to determine actual vehicle road load horsepower to

reflect a true vehicle fuel consumption by the emission test procedure.



4.0 DISCUSSION OF TEST RESULTS

4.1 DISCUSSION OF 1975 FTP EXHAUST EMISSION AND FUEL
ECONOMY TEST RESULTS

The 1975 Federal Test Procedure was performed on all test vehicles
using three test conditions; a baseline test, increasing inertia to gross
vehicle weight, and increasing dynamometer road load horsepower to coast-
down road load horsepower value. Tables 4.1-1 and 4.1-2 summarizes the
exhaust emission and fuel economy values listing the mean, standard devia-
tion and range for the sample of 50 vehicles and the sample of 10 1975
model year test vehicles respectively. Test results for individual
vehicles are listed in Appendix A.

The average inertia increase for the 50 vehicles tested was 870
pounds or about 22 percent increase above the baseline mean inertia value
of 3970 pounds. The average dynamometer road load horsepower increase to
the coast down value was 4.95 horsepower, or about a 41.7% increase above
the baseline mean value of 11.86 horsepower. Road load horsepower and inertia
settings for the individual test vehicles are listed in Appendix D.

To determine the statistical significance of the change in emissions
and fuel economy resulting from increasing inertia to the gross vehicle weight
rating for each vehicle and road load horsepower to the value obtained from
coast down data, a paired Student's t test was made. Table 4.1-3 lists the
results of the paired t test indicating where statistically significant dif-
ferences were found. The mean differences for exhaust emissions in grams/
mile and fuel consumption in miles/gallon are listed (e.g. Y - X = inertia
weight increase emissions minus baseline emissions in grams/mile). In the
case where 50 vehicles make up the sample population, the hypothesis is
made that the two population means are identical. We reject this hypothesis
when difference between the two sample means is observed and there is no
more than a 5% chance that the difference observed is due to some random

event. In the case of the 1975 test vehicles (10 were tested) the same null
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hypothesis test is made. However, we reject this hypothesis when there is
no more than a 10% chance that the difference observed is due to some random
event.

When increasing inertia weight to gross vehicle weight and increasing
dynamometer horsepower to the value obtained by the open road coast down method,
we find oxides of nitrogen exhaust emissions are increased and vehicle fuel
economy 1is decreased as is shown in Table 4.1-3. It is worthy at this point
in the technical discussion to point out that the observed level of increase
in NOx emissions and decrease in fuel economy is to be expected when inertia
and road load horsepower is increased on the average 870 pounds and 4.95 horse-
power respectively. What the results of this testing does not predict is the
level of change, or the statistical significance of the change, when inertia
or road load horsepower is increased at some amount less than or greater than
the averages stated above. ;

In many instances emission and fuel economy mean differences are not
found to be statistically significant even though the differences are sub-
stantial. In most of these cases, the variance of the differences overshadows
the difference in the means. It is possible that a statistically significant
difference can be found if the sample size is increased. The variance may
also be reduced by selecting a more homogeneous sample. For example, hydro-
carbon and carbon monoxide differences are usually difficult to detect on

catalyst equipped vehicles.
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4.2 DISCUSSION OF 1972 FTP (HOT START) EXHAUST EMISSION AND
FUEL ECONOMY TEST RESULTS

The effect of vehicle tune parameter changes and smoothing the driving
schedule were measured using a modified 1972 hot start FTP. Table 4.1-1 sum-
marizes the exhaust emission and fuel economy values, listing the mean, stand-
ard deviation and range. Test results for the individual vehicles are listed
in Appendix A.

The same statistical analyses as discussed in Section 4.1 (testing
null hypothesis using paired t test) were applied to this data. Results
of these paired t tests are shown in Table 4.2-1. Reducing idle speed
100 rpm increased hydrocarbons and carbon monoxide and reduced oxides of
nitrogen emissions, fuel economy was also increased. Advancing basic timing
increased hydrocarbon and oxides of nitrogen emissions and increased fuel
economy. Carbon monoxide emissions showed no statistical difference as is
generally expected. When idle CO was increased 1%, the only resulting sta-
tistically significant difference was for carbon monoxide emissions. How-
ever, when compared to the baseline repeat test, additional statistically
significant differences were observed. This is most likely due to the fact
that these two tests were run back-to-back on the same day, whereas the
original baseline test was run two days prior to the repeat baseline test.
When comparing the baseline repeat test to the baseline test statistically,
the two tests do not differ except for hydrocarbon emissions.

As discussed in Section 4.1, results of these tests only infer that
changing tune parameters will cause the above observed changes in exhaust
emissions and fuel economy. The data is only indicative and not a predictor
of an expected change in emission level due to changes in a tune parameter
other than the changes performed in this program (e.g., with the data from
this program it is not possible to predict the change in hydrocarbon emissions
for each one degree change in basic timing). Where no statistically signifi-
cant differences were observed, this is most likely due to the small differ-

ences in sample means and the small sample size.
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4.3 COAST-DOWN AND MANIFOLD VACUUM ROAD LOAD HORSEPOWER
TEST RESULTS

Figures 4.3-1 and 4.3-2 graphically present the results of the
coast-down and engine manifold vacuum methods for determining actual road
load horsepower at 50 miles per hour. Coast-down road load horsepower
(CD-R1Hp) data was quite consistent, whereas the manifold vacuum road load
horsepower (MV-R1Hp) was scattered, as is illustrated by the two figures.

It is evident that the coast-down R1Hp is significantly different
than the schedule of road load horsepower settings used for the Federal
Test Procedure as shown in Figure 4.3-1. However, it is difficult to
determine if the manifold vacuum road load horsepower is different to a
significant degree when compared with the coast-down method. To determine
if there was any statistical significance for this data, comparisons were
made for:

1. CD-RIHp vs. MV-R1Hp

2. CD-R1Hp vs. Federal Test Procedure (FTP)-R1Hp

3. MV-R1Hp vs. FTP-R1Hp
The sample means were analyzed for significance using a student's t test.

Results of these comparisons are presented in the following table.

FTP MV

R1Hp R1Hp
MV-R1Hp 4.46** -
CD-R1Hp 16.70** 4.07%*

Results of the individual tests are listed in Appendix B including
the sample means, standard deviations and ranges. The mean coast-down road
load horsepower (16.81 R1Hp) is 41.7% greater than the Federal Test Procedure
road load horsepower (11.86 R1Hp) and the mean manifold road load horsepower

(14.38) is 21.2% greater than the Federal Test Procedure road load horsepower.

**t scores; a value of 2.58 indicates that there is less than a 1% chance
that the observed difference is due to a random event.
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Two additional statistical tests were made on the coast-down
road load horsepower data. Linear regression analyses were performed to
predict coast-down road load horsepower from vehicle weight and to pre-
dict coast-down road load horsepower from Federal Test Procedure road load

horsepower. The regression equations obtained are:

CD - R1Hp

8.56283 + 0.002003 (vehicle weight)

CD - R1Hp

1]

4.863008 + 1.006826 (FTP - R1Hp)

The coast-down road load horsepower regression is plotted on Figure 4.3-1.
In addition, a hypothesis test was made on the slope of each equation.
For both equations, the null hypothesis test is rejected and the observed
difference are real with there being less than 5% chance that the dif-
ference is due to some random event.

A second order least squares polynominal curve was also fit through
the data. However, this equation was not any different than the linear
curve, as the coefficient on the squared term was not different from zero.
Likewise, a linear regression analysis was performed on the manifold
vacuum road load horsepower and is shown on Figure 4.3-2., The equation

for this linear curve is
MV - RlHp = 11.931566 + 0.000602 (vehicle weight)

A null hypothesis test was made on the slope of the linear regression
equation and is rejected when there is no more than a 5% chance that the
observed slope is due to some random error. The Student's t value cal-
culated for the slope indicates the slope of the equation is accurate with
less than a 5% chance of error.

As a matter of curosity, one vehicle was selected at random and

additional coast-down data was obtained. For this vehicle, back-to-back
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coast downs were performed from 55 - 45 mph and 52 - 48 mph in order to
determine appreciable difference. At the same time, coast down R1Hp's were
also obtained at 60, 50, 35, 30, 20, and 10 mph. Results of the 55 - 45
versus 52 - 48 mph coast downs showed that the 55 - 45 mph method gave about
a 1.7% higher R1Hp than the 52 - 48 mph procedure. To ascertain if this
difference was real, a R1Hp versus vehicle speed curve was constructed

from the additional coast down data. Graphically determining the required
R1Hp at 50 mph, using the averages from 55 - 45 and 52 - 48, showed the
former to be about 1.6% higher than the latter. Of course this is one point

data and additional study is surely required.
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5.0 DISCUSSION OF RESULTS

5,1 PROGRAM OBJECTIVE

The "Evaluation of CVS Test Procedures" Program was the measurement
of exhaust emissions and actual vehicle road load horsepower requirements
from 50 1968 through 1975 model year vehicles. This statistically repre-
sents, in-so-far-as possible, the California vehicle population. The
overall objectives of this program were:

1. Study the effects of dynamometer road load and inertia settings

upon exhaust emissions.

2. Perform an analysis relating engine variables of idle speed,

idle mixture and spark timing to changes in exhaust emissions.
Obtain data of sufficient confidence to apply to the California
vehicle population.
3. Determine the effect on emissions of "close tolerance' versus
"wide tolerance" driving of the test schedule.

4. Measure actual road load horsepower requirements of test vehicles
using coast-down techniques and compare to manifold vacuum method
of determining road load horsepower.

5. Provide fuel economy test data.

5.2 PROGRAM DESIGN

In support of the objectives of this program to quantify the changes
in emissions levels due to inertia, road load horsepower (RdHp), vehicle
engine tune parameters (idle rpm, idle air/fuel mixture and ignition timing)
and the test vehicle driving schedule technique, AESi designed a testing
program that would allow the generation of the maximum amount of data within
the budget restraints imposed on the program. To accomplish this, a combina-
tion of Cold Start 1975 and Hot Start 1972 Federal Test Procedures (FTP)
were used in order to minimize the number of days any one test vehicle would
be in AESi's possession and maximize the number of possible tests that could

be run on each vehicle within that time frame.
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The 1975 FTP was chosen to quantify the effect of dynamometer
inertia weight settings on exhaust emissions. When considering what
inertia weight increase to choose for the 50 vehicle population, it was
decided to test the vehicles at their maximum rated gross vehicle weight.
Ideally, inertia weight increases of 250, 500, and 1,000 pounds per test
vehicle would provide the greatest amount of information. However, this was
not possible within the constraints of the program and the use of GVW was
chosen to provide information on the maximum level of change expected.

Likewise, the 1975 FTP was chosen to determine the effect of
increased dynamometer road load horsepower settings. Here again the
choice of determining how much additional road load horsepower to use
was subjective. In various discussions with.members of the ARB technical
staff, there had been a long time interest in testing vehicles at their
actual RdHp requirements and determining what changes in emission levels
would be experienced. Actual RdHp for each vehicle was determined by
measuring the time for the vehicle to coast from 55 mph to 45 mph and
the resulting value used for setting dynamometer RdHp.

For measuring the effect of vehicle tune parameter changes on
exhaust emissions, the 1972 FTP test procedure was used. The three
variables changed were idle speed (100 rpm decrease), basic ignition
timing (5 degree advance) and idle air/fuel mixture (increased 1.0% CO
absolute). To measure the effect of smoothing the driving schedule, a
1372 second trace was smoothed to the maximum within the +2 mph and &1
second or algebraic combination of the two as specified in the Federal
Register. The effect on exhaust emissions using the smoothed driving
schedule was applied only to the 1975 model year test vehicles.

Another important consideration in support of the overall pro-
gram objectives was the proper selection of test vehicles, model years
1968 through 1975. In any statistical sampling program there is always
concern about the statistical validity of the sample. A careful delinea-
tion of the various vehicle makes, engine sizes, transmission and car-

buretor types was obtained and a 50 vehicle matrix designed.
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5.3 TEST VEHICLE PROCUREMENT

5.3.1 Test Vehicle Selection

Test vehicles of the appropriate make, model year, engine displacement,
transmission and carburetor venturies were procurred in accordance with matrix
(Table 5.3-1). AESi contacted vehicle owners in accordance with the require-
ments of the test vehicle matrix by telephoning vehicle owners and explaining
the use of their vehicle in this program. In addition, a number of the 1975
model year vehicles were procurred from rental car and leasing agencies. At
the ARB's direction, AESi was asked to procure 1975 model year vehicles with
high mileage in order to see what, if any, catalyst degradation was occurring.

In the course of conducting this program only two vehicle changes
to the test vehicle matrix had to be made. The first change made was to
vehicle #15. Instead of testing a 122 CID engine, Ford Pinto, a 140 CID
engine was substituted. The second substitution was the testing of a
1974 Plymouth Satellite in place of the 1974 Dodge (vehicle #4). The con-
figuration of the Plymouth Satellite was similar to that of a Dodge
Coronet/Charger with respect to engine displacement, carburetor, drive
line and inertia weight. All other vehicles tested conformed exactly to

the test vehicle matrix.

5.3.2 Incentives

To encourage participation, incentives were provided to each
vehicle owner whose vehicle was used in the program. Each participant
was offered a free fully insured loan car while his car was being tested,

a full tank of gas, and a vehicle tune up.

5.3.3 Test Vehicle Handling

Virtually all of the participants delivered their vehicle to
AESi's emission testing laboratory. Prior to accepting their vehicle

for testing, the vehicle was inspected for soundness of mechanical
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operation. If the vehicle had a leaking exhaust system, or was suspected
to have a mechanical problem that would affect exhaust emission results,

the car was not accepted for testing.

5.4 FACILITIES AND EQUIPMENT

5.4.1 Test Locations

The Emission Testing Laboratory was located at 7300 Bolsa Avenue,
Westminster, California. The elevation of the laboratory is approximately

50 feet above sea level.

5.4.2 (Constant Volume Sampler

The Constant Volume Sampler was designed and built in accordance

 with requirements stipulated in pertinent issues of the Federal Register

for performing vehicle emission tests in accordance with the 1972 through
1975 Federal Test Procedures. The Constant Volume Sampler featured a gas-
to-water heat exchanger and temperature control circuit allowing for con-
trol of the sample temperature within +5 degrees of the set point tempera-
ture. Inlet pressure depression was adjusted by a precision butterfly valve
enabling inlet pressure adjustments to within plus or minus 0.05 inches of
water. Blower speed was maintained at a constant 1,125 revolutions per
minute by the use of a constant speed motor. Blower revolutions were

counted by the use of a magnetic pickup and an electronic counter.

5.4.3 Exhaust Analysis Console (EAC)

The exhaust analysis consoles used during the performance of
this program was designed in accordance with specifications stipulated

in various Federal Registers for vehicle emission testing by the 1972

and 1975 Federal Test Procedures. The features specified in the 1975
Federal Test Procedure for drying the sample gas and removing carbon

dioxide from the carbon monoxide sample train were included for only



5-6

the low range CO instrument (ranges 2 and 3). The instruments used in
the exhaust analysis consoles were the Beckman Model 315-B Nondispersive
Infrared Analyzers (NDIR's) for the measurement of carbon monoxide and
carbon dioxide. The high range carbon monoxide instrument (ranges 4

and 5) featured a stacked sample cell configuration and three-range
amplifier. The carbon dioxide analyzers contained the standard 1/8-inch
sample cell with a three-range amplifier.

A Beckman Model 400 Flame Ionization Detector (FID) was utilized
to measure total hydrocarbons. Each of the Model 400 Flame Ionization
.Detectors was operated with a 40 percent hydrogen/60 percent nitrogen
fuel mixture and special capillary to minimize the oxygen effect.

The Thermo Electron Corporation Model 10A Chemiluminescence
Analyzer was used for the measurement of NO and NOx. This instrument
was equipped‘with four ranges from 0 to 100 through 0 to 2000 ppm NO.

A thermal converter was employed to convert NO, and other nitrogen oxides
to NO. A Thermo Electron Corporation Model 100 NO, generator was added
in performing NO, converter efficiency determinations in accordance with
38 Federal Register 124, Section 85.074-23.

Honeywell Model 193 Potentiometric Recorders were used in the
exhaust analysis console to record all instrument signal outputs. Table

5.4-1 indicates the ranges used for each instrument.

5.4.4 Laboratory Calibration Gases

A complete set of laboratory standard calibration gases were
furnished by AESi. The contents of each cylinder were analyzed and
concentrations were assigned by the ARB Vehicle Emission Laboratory
in E1 Monte, California. The AESi laboratory used the standard set
of gases for defining the complete.instrument calibration curves and
for subsequent assigning of values to the day-by-day "working" gases.
The laboratory standard gases and their nominal concentrations are
tabulated in Table 5.4-2.



Table 5.4-1. Instrument Ranges

NOMINAL RANGE

INSTRUMENT AESI RANGE NO. CONCENTRATIONS
Hydrocarbon | 2 0 - 50 ppm
3 0 - 100 ppm
4 0 - 300 ppm
5 0 - 1,000 ppm
6 0 - 3,000 ppm
7 0 - 10,000 ppm
Carbon Monoxide 2 0 - 100 ppm
3 0 - 500 ppm
4 0 - 3,000 ppm
5 0 - 30,000 ppm
Carbon Dioxide 2 0 - 4.0 percent
3 0 - 8.0 percent
NO and NOy 2 0 - 100 ppm
3 0 - 250 ppm
4 0 - 1,000 ppm
5 0 - 2,000 ppm
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Table 5.4-2
LABORATORY STANDARD CALIBRATION GASES
Gas AESi1 Nominal Gas AESi Nominal
Cylinder Range Concentration Cylinder Range Concentration
MH462 2 28.2 ppm Cq A627 4 2080.0 ppm CO
MH1796 2,3 52.5 ppm Cl LK242367 4,5 2637.0 ppm CO
MH1229 3,4 111.3 ppm Cy MH1263 5 7790.0 ppm CO
MH1799 4 306.0 ppm Cy 5G303382 5 9950,0 ppm CO
MH1631 5 597.0 ppm Cq 5G216837 5 16720.0 ppm CO
MH1664 5 1041.0 ppm Cp A3865 5 20770.0 ppm CO
MH1738 6 1479.0 ppm Cq LK85119 5 30070.0 ppm CO
A7526 6 5087.0 ppm Cy A3875 2 2975.0 ppm CO;
MHS86 7 4095.0 ppm Cy A7014 2 9902.0 ppm CO5
A8759 7 9840.0 ppm Cy MH1542 2 14691.0 ppm CO;
LK155925 2 10.5 ppm CO MH1783 2,3 20304.0 ppm CO2
K1076832C 2 24.5 ppm CO A7314 2,3 30251.0 ppm COp
LK242364 2 34.0 ppm CO MH1158 2 39835.0 ppm COj
LK60052 2,3 47.1 ppm CO MH1598 3 5911.0 ppm COy
LK242279 2 69.0 ppm CO MH1148 3 40960.0 ppm CO,
LK242173 2 91.5 ppm CO SG16649B 3 61149.0 ppm CO,
LK156942 3 121.0 ppm CO LK149923 3 74077.0 ppm CO,
LK59967 3 176.8 ppm CO SG17538 9 57.2 ppm NOx
LK242241 3 249.5 ppm CO A497S 2,3 117.0 ppm NOy
LK242257 3,4 337.7 ppm CO SG285886 3 194.0 ppm NO
LK242295 3 472.4 ppm CO A4914 4 448.0 ppm NOy
LK242356 4 760.0 ppm CO SG16704B 4,5 995.0 ppm NOy
5613835 4 1010.0 ppm CO LK150055 5 2065.0 ppm NOy
HLK-497 4 1672.0 ppm CO




5.4.5 Chassis Dynamometer

A Clayton Direct Drive Variable Inertia Chassis Dynamometer
(CCE-50) equipped with 250-pound increment inertia loading weights

was used in the performance of this program.

5.4.6 Miscellaneous Equipment

In addition to the equipment previously described, Varian
driver aids were utilized to provide driving schedules for the various
driving sequences performed during this program. An Autoscan ignition
analyzer, timing lights, tach-dwell meter, other tune-up equipment,
and small tools were used as necessary. To measure idle carbon monoxide,
a Horiba Mexa 300 dual range NDIR exhaust gas analyzer was used. The
nominal concentration ranges for this instrument are 0-10% and 0-2%
carbon monoxide, and 0-400 ppm and 0-2000 ppm hexane equivalents.

Weighing of propane recovery test cylinders was accomplished
using a Sartorius Balance which can weigh up to 2.2 Kg with a resolution
of 10 mg and an accuracy of +7 mg. The balance contains Class S weights
which are traceable to the National Bureau of Standards.

For calibration of the constant volume sampler, AESi used Meriam
Model 50 MC2-6SF and Model 50 MC2-4SF laminar flow elements. Both of
these instruments have calibration curves traceable to the National Bureau
of Standards.

To measure actual road load horsepower, a 5th wheel manufactured
by Speedometer Service and Instrument Company was used. The unit consists
of a bumper hitch, fork and wheel assembly, DC generator and voltmeter
calibrated directly in mph. Speed range is 0-100 mph with 1 division per
mph.
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5.5 EQUIPMENT CALIBRATION AND CROSS CHECK

This section describes the emission testing system calibration
before testing startup and the calibration cross checks that were per-

formed during the course of testing.

5.5.1 Constant Volume Sampler

The CVS was calibrated with the laminar flow elements and acces-
sories (see Section 5.4.6) in accordance withtthe basic procedures speci-

fied in the Federal Register. Flow was measured at several pressure

differentials across the CVS pump at the set point temperature that would
be used during testing. Pump flow rate (Vo) in cubic feet per revolution
was established at 0.300 ftz/rev. This calibration was then verified by
means of propane recovery tests. Approximately 11 grams of propane was
injected into the CVS and sample and background bags collected and ana-
lyzed. Results of the propane collected and propane injected had to
agree within +2%.

Following this initial calibration, continuous checks were made
on a daily basis. Prior to the start of testing each day, propane recovery
tests were performed in the 0-300 ppm carbon range. Throughout the test

program the CVS did not require recalibration.

5.5.2 Exhaust Analysis Console (EAC)

The EAC, hydrocarbon (HC), carbon monoxide (CO), carbon dioxide
(CO2), and oxides of nitrogen (NOX) instruments were calibrated using the
laboratory calibration gases (see Section 5.4.4). Each CO and COy instru-
ment was calibrated at seven (7) points spread somewhat evenly across each
range. Calibration of the HC Flame Ionization Detector (FID) and the NO,
Chemiluminescence (CL) was at three (3) points across each range using the

laboratory calibration gases.
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Calibration curves for each instrument and instrument range was
determined using a second order least squares fit polynominal. Calibra-
tion curves using this method fit each calibration point within 1 percent
of fuel scale or 5 percent of measured point. Each week during testing,
calibration curves were verified by checking calibration points at full
scale and at midpoint. A complete curve check for all analyzers and
ranges was completed on a monthly basis. If during a weekly or monthly
calibration curve check any one point changed by more than 1 percent of
full scale, the calibration curve would be updated. During the course
of testing, the CO Range 5 calibration curve needed to be updated once.

EAC daily and weekly checks which were performed are described
below: -

Daily Check
Leak check of HC, CO, CO, and NOy instruments.

NO vacuum check

HC analyzer - zero and span

CO analyzer - zero, gain and tune
COy analyzer - zero, gain and tune

NO analyzer gain

N O T RN N

NOx converter efficiency check

Weekly Check

1. Individual instrument curve check of each range used (3 points).

2. CO response to 100% wet CO.

Monthly Check

1. Individual instrument check of each range used (all calibration

points).
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5.5.3 Chassis Dynamometer

The Clayton ECE-50 DDVIF dynamometer was calibrated by the coast
down technique as specified in the Federal Register. Coast downs were
performed over the entire range or imertia values (1750 - 5500 1bs). Time
for front roll dynamometer speed to coast from 55 to 45 mph was measured
with the aid of a strobe light. The time for roll speed to change from
2140 rpm to 1750 rpm was measured and the absorbed dynamometer road load
horsepower calculated.

On a monthly basis, coast down calibration checks were performed
for each inertia weight. If the actual road load horsepower changed by
more than one (1) road load horsepower for any one inertia setting, the
entire set of calibration curves were re-run. It was necessary to

recalibrate the dynamometer once during the program.

5.5.4 Miscellaneous

The fifth wheel used to measure test vehicle coast-down speeds
from 55 to 45 mph was periodically checked on the chassis dynamometer.
This was accomplished by placing the fifth wheel on the chassis dynamometer
and bringing the roll speed up to a true 50 mph as measured by a strobe
light. The speed meter readout on the fifth wheel measured a true 50 mph
throughout the entire program.

The calibration of the Mexa 300 HC/CO analyzer used to measure
CO and HC emissions, as part of the vehicle inspection and maintenance
procedures, was calibrated using the laboratory calibration gases. The

instrument was checked on a weekly basis.
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5.6 TEST PROCEDURES

All vehicles tested in this program were prepared for and tested
in accordance with a set of established program test procedures. Figure
5.6-1 illustrates these procedures by means of a flow schematic. No
deviations from this established procedure were allowed unless circum-
stances prevented a vehicle to follow the normal course of events. The

following sections describe these test procedures.

5.6.1 Vehicle Preparation

Upon receipt of the vehicle at the laboratory, verification of
the particular make, model year, type of engine, transmission and number
of carburetor venturies was performed. In addition, a cursory inspection
was performed to verify that the vehicle was in safe operating condition
and that the exhaust system was not leaking. Following this initial
inspection, the vehicle emission control systems and tune parameters were
thoroughly inspected and parts replaced as required to bring the vehicle
into a state of tune in accordance with manufacturer's specifications.
Figure 5.6-2 depicts the vehicle inspection and maintenance form that was
used in conjunction with this portion of vehicle preparation procedures.

No major maintenance was performed on test vehicles under the
guidelines of this program. That is, maintenance to cylinder heads, valves,
rings, pistons and etc. were not performed. Inspection and maintenance
(I&M) was performed on emission control components, motor mechanical com-
ponents, electrical system and vacuum lines, ignition system, and adjust-

ment of vehicle tune parameters.

Following tune up procedures, the vehicle brakes were checked
and adjusted as required. Tires were inspected for safety of operation,
tire size recorded and tire pressure adjusted to vehicle manufacturer's
recommended inflation pressure.

After I&M procedures were completed, the vehicle fuel tank was
drained and refilled to 40% volume with test fuel meeting specifications
of 85.073-10 or 85.075-10 of the Federal Register and the vehicle weighed
- at a public weight station. Additional fuel (about 2-3 gallons) was .

added to the fuel tank and the vehicle driven to the Los Angeles river
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FIGURE 5.6-1

TEST VEHICLE FLOW SCHEMATIC

PROCUREMENT DELIVERS
VEHICLE TO LABORATCRY

1S

VEHICLE NO

*ALL VEHICLE PROCUREMENT DOCUMENTS
PRESENT

+QC CHECK PASSED
PROCUREMENT

DATE

SUITABLE FOR
TESTING

PERFORM VEHICLE
INSPECTION AND MAINTENANCE
INSTALL MANIFOLD
VACUUM GAUGES

VEHICLE
SUITABLE FOR
TESTING

DRAIN FUEL TANK AND FILL TO
40% VOLUME WITH TEST FUEL

Fuel Tank Volume
Vol. of Fuel Added

Gals.
Gals.

DELIVER VEHICLE TO WEIGH STATION AND
WEIGH VEHICLE WITHOUT DRIVER.

Vehicle Weight Lbs.

v

DRIVE TO ROAD ROUTE TO PERFORM COAST
DOWNS. ATTACH 5th WHEEL TO VEHICLE

‘ —
PERFORM VEHICLE COAST DOWNS IN TRIPLICATE

TWO WAY. RECORD LEVEL ROAD TWO WAY 50 MPH
CRUISE MANIFOLD VACUUM.

'

Actual Vehicle Weight 1bs.
Coast-down RdHp

Average Time L sec.

Manifold Vacuum in Hg

Dyno Rdip

—s=RETURN VEHICLE TO OWNER

1 & M PERFORMED TO MANUFACTURER'S
SPECIFICATIONS

-BRAKES ADJUSTED AS REQUIRED

-0IL LEVELS CORRECT

-TIRE PRESSURE ADJUSTED TO MANUFACTURER'S
SPECIFICATIONS

-Q/C CHECK PASSED

I &M

DATE

DO NOT USE LEADED TEST FUEL ON 1975
MODEL YEAR VEHICLES.

NOTE:

=

(ADD WEIGHT OF DRIVER)

t, sec. w, 1bs. RdHp

= N7 B~ V- R LV

AVG. MANIFOLD VACUUM AT 50 MPH IN Hg

1.
2.

RdHp = 0.06073 w/t



FIGURE 5.6-1 (Continued)

l

DELIVER VEHICLE TO LABORATORY AND
ADJUST DYNAMOMETER ROAD LOAD
HORSEPOWER TO SAME MANIFOLD VACUUM
AS OBTAINED DURING 50 MPH CRUISE.

DISCONNECT VACUUM GAUGE.

\

CHECK IDLE CO SETTING AND TUNE
PARAMETERS AND ADJUST AS NECESSARY

Idle CO, %
Idle RPM
Dwell °

Basic Timing; B, A

SOAK VEHICLE FOR 12 HRS.
MINIMUM OR 20 HRS. MAXIMUM

Soak Period Started AM/PM
DATE

Soak Period Ends AM/PM
DATE

!

CALIBRATE EQUIPMENT. SET ROAD LOAD
"HORSEPOWER AND INERTIA WITH NON-TEST
VEHICLE

RDHp =

Inertia = Lbs.

RUN COLD START 1975 FTP
COLLECT HOT TRANSIENT BAG
(4th BAG)

ADJUST IDLE RPM TO VALUE LOWER
THAN MANUFACTURER'S SPECIFICATIONS

Idle RPM =

RUN HOT START FTP EMISSION TEST
2 BAGS 505 + 867

RESET IDLE SPEED TO
MANUFACTURER'S SPECIFICATIONS

RPM

FILL FUEL TANK
VOLUME TO 40%

i

DYNAMOMETER :
IdHp
RdHp
TECH:
DATE:

-Q/C CHECK PASSED

I &M
DATE

NOTE: CERTIFICATION VALUES USED FOR INERTIA
AND RdHp DO NOT INCLUDE 10% ADDITIONAL

LOAD FOR AIR CONDITIONING.

Idle HC ppm C6
Idle CO %
Idle HC ppm Ce
Idle CO %

+Q/C CHECK PASSED

TECH
DATE




l FIGURE 5.6~-1 (Continued)

SOAK VEHICLE FOR 12 HRS.
MINIMUM OR 20 HRS. MAXIMUM
AT 76-86°F

Soak Period Started _______"AM/PM
_DATE

Soak Period Ends AM/PM
DATE

\

- CALIBRATE EQUIPMENT. SET ROAD LOAD
HORSEPOWER AND INERTIA WITH NON-TEST
VEHICLE

RdHp =

Inertia =

!

RUN COLD START 1975 FTP
EMISSION TEST

'

SET INERTIA TO CERTIFICATION VALUE

RESET TIMING BY ADVANCING
5° (CRANKSHAFT DEGREES)

"1 "7 RUN'HOL START FTP
2 BAG 505 + 867 SEC.

oA

RESET BASIC TIMING TO
MANUFACTURER'S SPECIFICATIONS

° pa

Timing =

VEHICLE TESTED
FOR MODIFIED FTP
DRIVING SCHEDULE

RUN HOT START FTP USING
SMOOTHED DRIVING SCHEDULE
2 BAG 505 + 867 SEC.

SOAK VEHICLE FOR 12 HRS. MINIMUM
OR 20 HRS. MAXIMUM AT 76-86°F

Soak Period Started AM/PM
DATE

. AwpM
DATE

Soak Period Ends

ROAD LOAD HORSEPOWER = CERTIFICATION

INERTIA SET TO PUBLISHED MANUFACTURERS GVW

Adjust RPM to manufacturer's
specifications

RPM =

Idle HC pon C
Idle CO %

Idle HC ppm Cg
Idle CO %

Set RPM to manufacturer's
specifications RPM =

Q/C CHECK PASSED

TECH
DATE
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FIGURE 5.6-1 (Continued)

CALIBRATE EQUIPMENT. SET ROAD LOAD
HORSEPOWER AND INERTIA WITH NON-TEST
VEHICLE

RdHp =

Inertia = Lbs.

RUN COLD START FTP
EMISSION TEST

/
SET RdHp TO CERTIFICATION VALUE

RdHp =

Inertia = Lbs.

RUN HOT START FTP
2-BAG 505 + 867 SEC.

SET IDLE CO 1% CO VALUE HIGHER THAN
MANUFACTURER'S SPECIFICATIONS

Idle CO, % =

]

RUN HOT START FTP ‘
2-BAG 505 + 867 SEC.‘

'

SET IDLE CO TO
MANUFACTURER'S SPECIFICATIONS

'

RETURN TO VEHICLE
PROCUREMENT

'

FILL TEST VEHICLE FUEL
TANK, WASH AND RETURN
TO VEHICLE OWNER

INERTIA = CERTIFICATION VALUE

RdHp = CALCULATED VALUE DETERMINED BY COAST
DOWNS

MANUFACTURER'S SPECIFICATION

= % + 1% = %
Idle HC ppm C
Set Idle RPM to Manufacturer's
Specification

RPM =
TECH.
DATE — -

I CERTIFY THAT ALL TESTS AND TEST DATA HAVE
BEEN VALIDATED AND THIS VEHICLE MAY BE

RETURNED TO THE OWNER.

LAB MANAGER

DATE
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FIGURE 5.6-2
INSPECTION AND MAINTENANCE
Model Date
Carb. Trans. Car No.

EMISSION CONTROL COMPONENTS

1. VSA System (0SAC, TCS, Time Delay, Tech: 1 F[] c[™
Spark Delay Valve)
Comments:
2. EGR System (Adequate Vacuum, Valve Tech: P[] F[Q c[]
Operation)
Comments:
3. AIR System (Pump, Diverter Valve, Tech: P[] F E:] c]
Check Valve, Hoses
Comments:
4. DPCV System (Valve, Filter, Hoses) Tech: P[] F[] ¢ D
Comments:
5. ECS System (Cannister, Filter, Hoses) Tech: P l:[ F I_:I C D
Comments:
6. Catalytic Converters (1975 Model-Year) Tech: P [] F|:] Cl:]

Comments:

MOTOR MECHANICAL COMPONENTS

1. Air/Fuel System (Air Filter, CC Vent Fil- Tech: p [:] F [:] C [:
ter, Throttle Linkage, Choke Operation,
Fuel Filter, Fuel Leaks, Idle/Stop Solenoid)
Comments:
2. Brake System (Linings, Adjustment, Tech: P D F D C [:[
Fluid Level)
Comments:
3. Electrical and Vacuum Systems (Misc. Tech: P [:] F [:] C [:]
Wiring, Vacuum Routing)
Comments:
4. Cooling and Lubrication Systems (Water Tech: P OF] ¢
Level, Drive Belts, Hoses,
0il Level)
Comments:
5. Exhaust System (Leaks) Tech: P [:] F [:] ci ]

Comments:
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FIGURE 5-6.2 (Continued)

PRIMARY AND SECONDARY IGNITION

1. Plugs PD FD CD
2. Points |3 [:j F [:] c E:]
3. Condenser p]:] FD CD
4. Wires PL__] FD CD
5. Cap Pl:] F E] c E]
6. Rotor P [:] F [:] C [:]
SPECIFICATIONS As Received As Tested
1. Dwell
2. Timing
3. Cent. Advance @ RPM
4, Vacuum Advance @ '"Heo
5. HC PPM
6. CO )
7. IRPM
Tire Pressure: FT RR
Cyl. Power Balance
QC Review
Adjust Idle RPM to
Readjust Idle RPM to
Adjust Basic Timing to °
Readjust Basic Timing to o
Idle CO, % set to
manufacturer's specifica- %
tions
Adjust idle CO to %
Readjust idle CO to %
Check temperature bypass Tech: P [:] F [:] C [:1

Comments:
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bed where vehicle coast-down times were measured as well as steady state
50 mph manifold vacuum.

Upon return of the vehicle to the laboratory, the vehicle was
driven on the chassis dynamometer at 50 mph and the dynamometer power
adsorption unit adjusted until the two-way average manifold vacuum was
reproduced. The indicated dynamometer road load horsepower was recorded
and the actual road load horsepower determined from dynamometer calibration
data.

Before placing the vehicle into the 12 to 20 hour soak, the vehicle

tune parameters were checked and adjusted as necessary.

5.6.2 Equipment Preparation

All test equipment was thoroughly warmed-up, calibrated and inspected
for proper operation prior to the performance of testing. The chassis
dynamometer was warmed up with a non-test vehicle for a minimum of 15 minutes
at 30 miles per hour. During the dynamometer warmup, the dynamometer speed
meter was checked for indicating a true 50 mph with a strobe light. In
addition, the drivers aid was also checked and adjusted as necessary for
indicating a true 50 mph and road load horsepower and inertia set for the

following test vehicle.

5.6,3 Vehicle Coast Down Procedures

Vehicle actual road load horsepower requirements at 50 mph were
obtained by measuring coast down time from 55 to 45 mph. This testing was
performed on the concrete channel of the Los Angeles River bed in the
city of South Gate where the river passes beneath the Long Beach Freeway.
This section of the river bed is about 1-3/4 miles in length with negligible
grade.

Each vehicle was fitted with a manifold vacuum gauge and a 5th wheel
to record vehicle speed. The following procedures were performed:

1. Close all windows and place all power accessory equipment in

in the off position.

2. Accelerate vehicle to 60 mph and place transmission in neutral.

3. Measure and record time for vehicle to coast down from 55 mph

to 45 mph.

4. Accelerate vehicle to 60 mph and repeat step No. 3.



5-21

Change direction of vehicle travel.
Repeat steps No. 2 and 3 above.
Change direction of vehicle travel.

Repeat steps No. 2 and 3 above.

v o X O U

Accelerate vehicle to 50 mph. Allow vehicle to come to a
smooth and steady 50 mph, and without throttle movement
record manifold vacuum.

10.l Change direction of vehicle travel.

11. Repeat steps No. 2, 3 and 9.

Normally the procedure described gave consistent coast-down times. However,
there were days when wind conditions were gusty. When this occurred,
additional two-way coast downs were performed until six consistent readings
were obtained and the high and low coast-down time was thrown out. Data
not recorded during these tests were the barometric pressure, temperature,

or wind velocity.

5.6.4 Federal Exhaust Emission Procedures

Figure 5.6.3 depicts the detailed procedures that were followed
when the 1975 FTP was performed. When vehicles were tested using a 1972
FTP from a hot start, the startup procedure followed was the same as for
the hot transient portion of the 1975 FTP. In addition, when measuring
1972 hot start emission levels, the sample was collected in two sample
bags - duplicating the hot transient and cold stabilized portions of the
1975 FTP.

5.6.5 Weekly and Daily Test Schedule

During the conduct of emission testing of vehicles under this pro-
gram, the following test procedures were performed in the order presented
in Figure 5.6.4. This schedule was adhered to in order that each vehicle
would experience the same testing history. The details of each testing

phase follows.
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FIGURE 5.6-3
1975 CVS COLD-START PROCEDURES

PreEare

All vehicles assigned for '"Cold Start'" testing must undergo a minimum 12-
hour or maximum 20-hour soak in an environment having an ambient tempera-
tuge of 760 to 86°F for the first hour, 60° to 86°F for 10 to 18 hours, and

76

to 86°F for the last hour. If a vehicle exceeds the 20-hour soak, refer

to the section on vehicle preconditioning.

1.

Dynamometer

If the dynamometer has not been operated during the previous two hours
before the test, the dynamometer must be warmed up for 15 minutes by
operating it at 30 mph using a non-test vehicle.

a. Release break on chassis dynamometer.

b. Set inertia and horsepower with non-test vehicle.

c. Set zero and 50 mph on driver's aid and record on strip chart.

Vehicle

a. Check Emission Test Request for specified information.

Position vehicle on chassis dynamometer rolls without starting
engine. All vehicle accessories must be off.

Connect required equipment, 1ift hood and start cooling fan.

Record required information on driver's aid trace and test data
sheets.

Consoles

Check Emission Test Request for specified information.
Leak check.

c. Record required information on data sheets, analyzer charts, and
run log.

CVSs

a. Turn on blower and Temperature recorder. Blower must be set to
1200F and warmed up to its corresponding normal operating
temperature.

b. Start sample pump and adjust sample flowrate to 10 CFH minimum.

Leak check bags.

If other measurements are to be recorded, refer to special
instructions.
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FIGURE 5.6-3 (Continued)

Test - Cold Transient and Stabilized Dynamometer Run

Ambient air temperature must be between 68° and 86°F. Stalling and
cranking will vary accumulated test time.

1.

-30 Seconds

a. Connect flexible exhaust tube to vehicle's tailpipe.

b. Reset all counters.
-10 Seconds

a. Set choke and ignition in accordance with owner's manual for
cold start procedures.

b. Start console strip charts.
-5 Seconds
Signal console operator in preparation for cranking engine.

0 Seconds - Begin Cold Transient Portion

a. Signal system operator and crank engine.

b. Start filling Sample bag #1 and Ambient bag #1.

If engine fails to start within 10 seconds of cranking

a. Vehicle Operator - Disconnect exhaust system and refer to
Operating Procedure in Item #5-c below.

b. Systems Operator - Stop filling bags and CVS blower revolution
counter until next start attempt.

DO NOT EVACUATE BAGS OR RESET COUNTERS

c. Determine reason for failure to start. If error due to vehicle
operator (e.g., not setting choke properly), reschedule test.

d. If failure to start is caused by vehicle malfunction, corrective
action of less than 30 minutes duration may be taken and the test
continued.

e. The sampling system shall be reactivated at the same time cranking
is started. When the engine starts, the driving schedule timing
shall begin.

f. 1If the vehicle fails to start after 10 seconds of cranking,
reschedule the test.

Engine Start

a. Vehicle Operator - Release key and start driving aid simultaneously.

b. System Operator - Record engine cranking time.




10.
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FIGURE 5.6-3 (Continued)

IF ENGINE FALSE STARTS OR STALLS

a. Vehicle Operator - If the engine false starts, repeat the
recommended starting procedure (e.g., reset choke). If the
engine stalls during an idle period, restart the engine
immediately. If the engine cannot be started soon enough to
make the next acceleration, stop the driver's aid; restart the
vehicle; and when the engine starts, restart the driver's aid.
If the engine stalls during some operating mode other than an
idle mode, stop the driver's aid; restart the vehicle; and
accelerate the vehicle to the speed required; and at that point
restart the driver's and continue the test.

b. System Operator - Continue Sampling.

If the vehicle cannot be restarted within one (1) minute, void
the test. :

+15 Seconds

a. Automatic Transmission - Brake wheels and place transmission
in drive range.

b. Manual Transmission - Place transmission in first gear. If
transmission ratio in first gear is greater than 5:1, follow
the procedure for three or four speed manual transmission.

+20 Seconds - Begin first acceleration.

+135 Seconds - System operator record CVS inlet depression.

+505 Seconds - End Cold Transient and Begin Stabilized Portion

a. Vehicle Operator - Signal system operator at end of deceleration.

System Operator - Simultaneously stop filling Sample bag #1 and
Ambient bag #1 and start filling Sample bag #2 and Ambient bag #2.

(1) Initiate analysis of Sample and Ambient bags #1.

(2) Calibrate analyzers. Nominal span points 80% of full scale.
Sequence for bag analyzes are:
(a) zero, span, zero
(b) analyze ambient bag
(¢) zero, span, zero
(d) analyze sample bag
(e) zero, span, zero

NOTE: Leave strip charts running continuously while analyzing ambient
and sample bags. Use lowest ranges possible in order to analyze
samples in upper 2/3 of calibration curve. Record instrument
deflections and instrument ranges used. Be certain sample and
calibration gas flowrates are at the same flowrate. Record
integrated wet and dry bulb temperatures for 505 seconds.
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FIGURE 5.6-3 (Continued)

c. Record CVS blower counts - Nominal count for 505 seconds
is 9469 +18.75 counts for each added one (1) second of engine
cranking time and time driver's aid is stopped due to engine stalls.

11. +1369 Seconds

a. Vehicle Operator - Shut off engine two seconds after end of
last deceleration.

12. 5 Seconds After Engine Stops Running (Dieseling) - End of Stabilized
Portion

a. Vehicle Operator - Signal system operator, stop driver's aid,
place transmission in neutral, and release brakes.

b. System Operator - Stop filling ambient and Sample bags #2.
Proceed immediately with analyzing ambient and sample bags as
in Step B-10-b above. Blower counts will be 16294 +18.75 for
each additional second that driver's aid was stopped or engine
motored after ignition is shut off.

10 Minute Soak

This soak period cannot be less than 9 minutes nor greater than 11 minutes.

1. Start

a. Vehicle Operator - Turn off cooling fan, close vehicle hood,
and disconnect exhaust sample line from vehicle tailpipe.

2. 8 Minutes

a. Vehicle Operator - Connect exhaust system, open vehicle hood,
set driving pen to O mph and 0 seconds.:

Test - Hot Transient Dynamometer Run

NOTE: Stalling and cranking time will vary accumulated test times.
The -30 second count-down will begin approximately 9 minutes and 30
seconds after the start of the 10-minute soak but in no case longer than
10 minutes and 30 seconds nor earlier than 8 minutes and 30 seconds.

1. -30 Seconds

a. Vehicle Operator - Turn on cooling fan.

b. System Operator - Reset counters. CVS blower must still be on.

2. -10 Seconds

a. Vehicle Operator - Set ignition and throttle pedal in accordance
‘'with owner's manual for hot-start operation.

b. System Operator - Start strip charts.




E.
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FIGURE 5.6-3 (Continued)

3. 0 Seconds - Begin Hot Transient Portion

a. Vehicle Operator - Signal System Operator and crank engine.

b. System Operator - Start counters and begin filling Ambient and
Sample bags #3.

IF ENGINE FAILS TO START WITHIN 10 SECONDS OF CRANKING

(1) Vehicle Operator - Determine cause for failure to start engine.
If operator error, void test. Repeat starting procedure.

(2) System Operator - Stop filling bags and CVS blower counter.

Stop CVS blower during diagnostic period. Do not evacuate
bags or reset counter.

If vehicle will not start within one (1) minute, void test.

4. Engine Start

a. Vehicle Operator - Release accelerator pedal and ignition key,
and start driving aid simultaneously.

b. System Operator - Record engine cranking time.

IF ENGINE FALSE STARTS OR STALLS

(1) Vehicle Operator - Refer to section B-b-(1) above.

(2) System Operator - Continue sampling.

5. +5 Seconds

a. Vehicle Operator - Automatic transmission: Brake wheels and
place in drive.

6. +20 Seconds - Begin first acceleration.
7. +505 Seconds

a. Vehicle Operator - Signal system operator at end of deceleration,
stop driving aid. Accelerate vehicle to 50 mph and record 50 mph
true roll speed on driver's aid. Speed tolerance must be 1 mph.
If not, void test.

b. System Operator - Stop filling Ambient and Sample bags #3. Indicate
end of test on CVS temperature chart. Initiate analysis of Ambient
and Sample bags #3 in accordance with procedure B-10-(2) above.

Complete
1. Vehicle
a. Turn off fan.
b. Disconnect equipment.
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FIGURE 5.6-3 (Continued)

c. Engage brake on dynamometer.

d. Remove vehicle.
Driving Aid

a. Record all vehicle problems encountered during test on driver's
air chart.

b. Remove driving aid chart, review for validity, technician signa-
ture and date, and insert in test vehicle envelope.

Consoles

a. Remove analyzer charts and insert in test vehicle envelope.

b. Record test deviations (blower counts) and required information
on test data sheets and run log.

c. Back flush.

d. Leak check.
Change filters.

o

CVS

a. Evacuate bags.
b. Leak check bags.
c. Change filters.
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Emission Tests - Day 1

1.

Initial Baseline Test: This test was a combined 1975 and

1972 FTP. Four sample and background bags were collected.

The cold transient, cold stabilized and hot transient bags
comprised the 1975 FTP. The hot transient and hot stabilized
bags comprised the 1972 hot start FTP test. Dynamometer
inertia weight and road load horsepower were set using vehicle
certification values when available. If not available, the
vehicle shipping weight from the NADA book plus 300 pounds

was used. Dynamometer road load horsepower was not increased

10 percent for air conditioning.

Idle speed was decreased 100 rpm and idle CO and HC recorded.
Idle air/fuel mixture was not adjusted. The vehicle was tested
using dynamometer inertia and road load horsepower set to base-
line values. At the start of the emission tesf, the same
engine starting and sampling procedures were followed as for
the baseline test. Two sample and background bags were col-

lected - the hot transient and hot stabilized bags.

Idle speed was reset to manufacturer's specifications and the

vehicle placed in soak for 12 hours minimum to 20 hours maximum.

Emission Tests - Day 2

4.

A Cold Start 1975 FTP Test was performed with dynamometer
inertia set to vehicle GVW and road load horsepower set to

baseline value.
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Basic timing was advanced 5 degrees and idle speed adjusted
as required to manufacturer's specification and idle CO and
HC recorded. 1Idle air/fuel mixture was not adjusted. Dyna-
mometer inertia and road load horsepower were set to baseline
values. At the start of the emission test, the same engine
starting and sampling procedures were followed as for the

baseline 1972 hot start test.

Basic timing and idle speed reset to vehicle manufacturer's
specifications. If vehicle was 1975 model year, step No. 7
following was performed. If vehicle was 1968 through 1974

model year, the vehicle was placed in the 12 to 20 hour soak.

Vehicle was placed on dynamometer and inertia and road load
horsepower set to baseline conditions. Predrawn smoothed
FTP driving schedule (Figure 5.6-5) was loaded into driver's
aid. At the start of the emission test, the same engine
starting and sampling procedures were followed as for the
baseline 1972 hot start test. At the end of the test, the

vehicle was placed in the 12-20 hour soak.

Emission Tests - Day 3

8.

Dynamometer road load horsepower was set to road load horse-
power value derived from vehicle coast-downs in the river
basin. Inertia weight was set to baseline conditions and
cold start 1975 FTP performed.

Immediately following 1975 FTP, dynamometer road load horse-
power is set to baseline value and a 1972 hot start FIP test

was performed.
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10. Idle air/fuel mixture is adjusted to increase idle CO by 1%
(e.g., if idle CO was 3.0% for baseline test air/fuel mixture
was adjusted to obtain 4.0% idle, CO value). Idle speed was
adjusted to manufacturer's specifications. Dynamometer inertia
and road load horsepower was set to baseline values and a 1972

hot start test performed.

5.7 DATA HANDLING

5.7.1 Data Processing

Emission testing information was recorded on a form arranged in
keypunch format. This sheet included all required vehicle informationm,
such as the Federal vehicle identification number, test description, cubic
inch displacement, number of carburetor venturis, type of transmission
and inertia weight. Also included were certain inspection and maintenance
data. Exhaust emission data were recorded in the form of instrument
range and inertia weight. Also included were certain inspection and main-
tenance data. Exhaust emission data were recorded in the form of instrument
range and deflections for HC, CO, COp, NOy and NO concentrations in the
sample and background bags. Conversion of instrument deflection to concen-

trations and mass emissions was a computerized operation.

5.7.2 Calculation of Results

5.7.2.1 Exhaust Emissions: Results from the various tests performed

were calculated in accordance with the following procedures:

1. 1968 through 1975 Model Year Vehicles. The 1976 FTP test was
calculated according to 37 Federal Register 221, Section 85.075-26.

For the 1972 hot start, FTP test calculations were performed

according to 37 Federal Register 221, Section 85.073-26.
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2. 1975 Model Year Vehicles. The 1975 and 1972 FTP tests were

calculated according to 38 Federal Register 124, Section

85.075-26. One modification to the above calculation proced-
ures was made for the 1972 hot start test in that no weighting
was included when summing the two bags to obtain the mass

emission data.

5.7.2.2 Fuel Economy: Fuel economy was calculated using the

carbon atom mass balance technique. Fuel economy on a miles per gallon
basis was calculated using this technique for the 1972 and 1975 FTP's.

To calculate fuel economy, the following equations were used:

1972 FTP:
g = 2423 ]
0.866 HC gm/mi + 0.4288 CO gm/mi + 0.2729 CO, gm/miJ
where:
2423 = 453.6 gm x 6.17 1b x 0.866 gm C1
1b gal gm fuel
1975 FTP:
mpg = 18178 %+ [(0.43) (gm C; in bag 1) + gm C; in bag 2
+ (0.57) (gm Cp in bag 3)]
where:

18178 = 7.5 mi x 453.6 gm x 6.17 1b x 0.866 gm C1
1b gal em fuel
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5.7.2.3 Coast Down Road Load Horsepower: Vehicle actual road

load horsepower was calculated using the following equation:

where:

or.:

RdHp

W
= 1/2(;27> (v12 - v22>/ 550 t

vehicle weight as measured + weight of occupants
Initial velocity in ft/sec (55 mph = 80.67 ft/sec)
final velocity in ft/sec (45 mph = 66 ft/sec)
elapsed time to coast from 55 to 45 mph

= 0.06073 W/t
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5.8 DATA STATISTICAL ANALYSIS

Statistical analyses were performed for AESi by Dr. Herbert C.
Rutemiller, Professor of Quantitative Methods, California State University,
Fullerton. Statistical programs were written in FORTRAN 1V, and run on
the University's Control Data Corporation Model 3150 computer.

Statistical methods used to analyze the data were the student's
t test and the paired t test on the sample means. Linear regression anal-
yses were also performed where applicable. The following lists where
these statistical tests were performed on sample populations to test if
there was no difference between the population means for hydrocarbon,
carbon monoxide, carbon dioxide, and oxides of nitrogen emissions. These

tests were also applied to fuel economy data.

Comparison Type Test
® Baseline vs. inertia increase 1972 & 1975 FTP
e Baseline vs R1lHp increase 1972 § 1975 FTP
e Baseline vs. idle speed decrease (-100 rpm) 1972 Hot Start
e Baseline vs. basic timing increase (+5°) 1972 Hot Start
e Baseline vs. idle CO increase (+1%) 1972 Hot Start
e Baseline vs. smoothed driving schedule 1972 Hot Start
e Baseline repeat vs. baseline 1972 Hot Start
® Baseline repeat vs. idle CO increase (+1%) 1972 Hot Start
e Baseline repeat vs. smoothed driving schedule 1972 Hot Start
e Coast-down R1Hp vs manifold vacuum R1Hp
e Coast-down RlHp vs. Federal Test Procedure R1Hp
e Manifold Vacuum R1Hp vs. Federal Test Procedure RIHp

Linear Regression analyses were performed on:

e AEmission level vs. A inertia weight
e AEmission level vs. A road load horsepower

® Coast down RlHp vs. vehicle weight
e Coast down RlHp vs. federal test procedure RI1Hp
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The form of the equations used for the student's t test are:

>

\/):(x-soz + 3 (y-n2

nx + ny - 2

2 2
t={3 A
nx ny

where:

4 = pooled standard deviation

t = student's t score

x = discrete point in x sample

X = mean of x sample

y = discrete point in y sample

¥y = mean of y sample
nx = number of data points in x sample
ny = number of data points in y sample

Because of the large vehicle to vehicle variability that existed
in this testing program (1968-1975 model year vehicles), another statistical
method was used. In this program it happens that the points from the two
sample populations are 'paired." That is each observation in the first
sample, Xi (e.g., baseline test) is related to an observation in the second
test, Yi (e.g., dynamometer inertia weight increased to Gross Vehicle

Weight). For each paired data points (Xi, Yi) the tests were performed on the
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same vehicle. 1In this case we have a paired experiment and the form of the

equations are:

dg = y1 -x1
dy = ¥ - %
dn = Y, T %

and calculate

and

Y - X

Sd/ V n

In using the‘paired t test and student's t test, the hypothesis made is that
the two populations means are identical. We reject this hypothesis when a
difference between the two sample means is observed and there is no more
than a 5% chance that the difference observed is due to some random event.
For the linear regression analyses performed, the form of the equa-

tion used are:

where

dependent variable

independent variable
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and bO and b1 are constants.

The constants are estimated by the method of least squares where:

3 XY - nXY

1 3 X2 - nX2

b0 = Y - blx

The hypothesis test is made using b1 where:

by - 0

Sbl

and
Se

=2
Exz - nX

2
Se = ,JZ(Y = bO = b1X)
n- 2

The hypothesis being tested is that the true value of b1 is zero. Rejecting

this hypothesis implies that a lienar relationship exists between Y and X.
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5.9 PROBLEMS

During the performance of emission testing vehicles, several
problems were encountered. While difficulties are normally experienced
in conducting programs of this type, the following sections highlight

the exceptional difficulties experienced.

5.9.1 Vehicle Problems

The principal cause of problems encountered while testing vehicles
in this program was due to carburetor malfunctions during some stage of
the testing sequence. Vehicle malfunctions were:

1. Car #46: 1969 Chevrolet 350 CID, automatic transmission and
4 barrel/carburetor. Carburetor developed internal leak
following fifth emission test. Vehicle was repaired and
completely retested.

2. Car #43: 1970 Chevrolet 350 CID, automatic transmission,

2 barrel Rochester carburetor. Carburetor developed internal
fuel leak during baseline emission test. Tests voided and
vehicle returned to owner.

3. Car #48: 1969 Plymouth 318 CID, automatic transmission,

2 barrel carburetor. Choke failed to set during baseline
cold start emission test. Test voided and repairs were
made before rescheduling testing.

4. Car #24: 1973 Dodge 318 CID, automatic transmission, 4 barrel
carburetor. Dirt in main jet caused lean operations. Carbure-
tor repaired and tests rerun.

5. Car #19: 1974 Pontiac 400 CID, automatic transmission, 4 barrel
carburetor. When engine air/fuel mixture set to manufacturer's
specifications, it caused very lean and rough engine operation.
Emission data very inconsistent. When idle CO increased 1% on
last test, engine roughness eliminated and satisfactory opera-

tion occurred.
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6. Car #41: 1971 Pontiac 350 CID, automatic transmission, 2
barrel curburetor. After basic timing was advanced 5 degrees,
emission levels changed dramatically. Review of data suggests
vacuum leak or vacuum advance was inoperative. Vehicle was

retested from start of testing sequence.
7. Car #44: Ford 351 CID, automatic transmission, 2 barrel car-
buretor. Same problem as Car #41. Vehcile was retested

completely from start of testing sequence.

5.9.2 Test Procedures

The sequence in which cars were tested was considered an important
part of this program. Every effort was made to test vehicles in the same
order. However, on several occasions invalid tests were performed and it
was necessary to retest the vehicle out of the normal sequence. This

occurred to vehicles No. 15, 31 and 44.

5.9.3 Determination of Road Load Horsepower by Engine Manifold Vacuum

The measurement of road load horsepower by manifold vacuum was some-
what subjective. Throttle stretch made it very difficult to obtain a con-
sistent manifold vacuum recording during a 50 mph cruise. Also, it was often
very difficult to know whether the vehicle was the edge of accelerating or
decelerating when the manifold vacuum was recorded. Likewise, when repro-
ducing the manifold vacuum on the chassis dynamometer, the same difficulties
were encountered. Another shortcoming of this test was the difference in
ambient temperature between the raod course and laboratory. While the road
course temperature was not measured, in general, the temperature at the river

basin probably averaged 10 - 15°F higher than the laboratory.
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APPENDIX B

LISTING OF COAST DOWN ROAD HORSEPOWER, MANIFOLD VACUUM
ROAD HORSE POWER, FTP ROAD HORSEPOWER AND VEHICLE WEIGHT

Equiv. Vehicle
Vehicle Calc. Man. Vac. Dyno EPA Vehicle Weight +
No. RdHp @ 50 mph RdHp RdHp Weight Drivers
001 19.1 14.0 15.2 13.4 4890 5225
002 16.5 14.3 15.6 12,7 4250 4520
003 16.3 15.0 10.7 12.7 4180 4545
004 18.6 10.5 10.7 12.7 4040 4175
005 17.6 12.8 17.8 12.7 4470 4740
006 18.0 12.4 21.6 13.9 4670 4805
007 14.5 13.0 13.2 12.7 4090 4455
008 17.2 5.5 17.6 12,7 4070 4345
009 15.1 15.0 10.4 11.2 3540 3905
010 14.1 10.5 13.2 9.4 2420 2785
011 19.6 15.6 21.0 13.4 4970 5305
012 17.0 12.1 20.0 13.4 4390 4730
013 18.4 12.7 16.2 12.7 4060 4500
014 19.3 15.3 13.1 12,0 4060 4405
015 15.6 8.1 13.6 10.3 2890 3260
016 20.2 14.5 19.6 12.7 4240 4680
017 17.8 14.6 10.3 11.2 3720 4065
018 15.9 14.5 16.7 12.0 3330 3675
019 15.3 12.5 19.2 12.0 3890 4165
020 13.7 15.1 8.8 8.8 2140 2435
021 18.7 15.5 7.7 12.7 4120 4255
022 13.0 11.2 7.8 9.4 2370 2670
023 14.6 14.5 12,3 12.¢0 3580 3925
024 16.6 15.4 17.5 11.2 3510 3860
025 13.5 11.9 15.5 9.9 2280 2575
026 19.3 14.5 22.4 12.7 4160 4440
027 17.2 10.5 14.3 12,7 3960 4330
028 17.4 15.8 11.8 12.7 4140 4485




LISTING OF COAST DOWN ROAD HORSEPOWER, MANIFOLD VACUUM

ROAD HORSEPOWER,

FTP ROAD HORSEPOWER AND VEHICLE WEIGHT

APPENDIX B

Equiv. Vehicle
Vehicle Calc. Man. Vac. Dyno EPA Vehicle Weight +
No. RdHp @ 50 mph RdHp RdHp Weight Drivers
029 16.2 16.5 15.3 13.4 4550 4910
030 17.4 16.4 13.3 12.0 4050 4350
031 18.1 16.0 17.1 12.7 4360 4720
032 17.4 16.1 14.4 12.0 3970 4330
033 17.2 17.0 12.2 12.7 4300 4600
034 20.2 16.7 17.3 13.4 4810 5090
035 17.1 16.3 11.3 12.0 4060 4365
036 16.5 18.6 21.6 12.7 4450 4790
037 15.2 15.8 9.9 11.2 3480 3770
038 15.7 17.1 15.7 11.2 3400 3730
039 14.0 18.0 8.6 10.3 2920 3055
040 15.5 16.0 13.1 11.2 3365 3530
041 16.2 15.8 15.2 11.2 3650 3950
042 16.1 14.3 17.5 11.2 3580 3950
043 17.6 18.5 14.1 11.2 3730 3950
044 19.1 17.2 9.3 12.0 4120 4420
045 15.4 18.4 11.8 12.0 3750 4050
046 18.5 13.0 16.3 12,0 4260 4555
047 17.2 17.3 18.0 11.2 3590 3890
048 16.3 16.8 13.3 10.3 3280 3620
049 16.4 18.8 9.7 11.2 3340 3640
050 17.1 16.9 10.3 10.3 3060 3330
Mean 16.81 14.70 14.41 11.86 3810 4117
Standard 1.75 2.71 3.84 1.15 656 662
Deviation
Range 13.0- 5.5- 7.7- 8.8- 2280- 2575-
20.2 18.8 22.4 13.9 4890 5305




APPENDIX C

LISTING OF TIRE SIZE & TIRE PRESSURE
ON INDIVIDUAL VEHICLES

Tire
Vehicle Tire Size Pressure
Number Make Model Front Rear Front Rear
01 Buick Le Sabre J78x15 J78x15 24 24
02 Chevrolet Monte Carlo GR70x14 GR70x14 28 28
03 Chevrolet Monte Carlo GR70x14 GR70x14 28 28
04 Dodge Coronet G78x14 G78x14 28 28
05 Ford Torino HR78x14 HR78x14 24 24
06 Ford LTD HR78x15 HR78x15 26 26
07 Oldsmobile Cutlass Sup. GR78x15 GR78x15 28 28
08 Plymouth Fury GR78x15 GR78x15 28 28
09 Pontiac Ventura E78x14" ER78x14 28 30
10 Toyota Corolla 165SR13 165SR13 24 24
11 Buick Riviera JR78x15 JR78x15 26 28
12 Chevrolet Caprice G78x15 G78x15 -26 26
13 Chevrolet Monte Carlo GR70x14 GR70x14 28 28
14 Plymouth Satellite HR78x14 HR78x14 26 28
15 Ford Pinto 175x13 175x13 24 28
16 Ford Torino G78x14 G78x14 28 26
17 Oldsmobile Omega E78x14 E78x14 .23 27
18 Plymouth Duster D78x14 D78x14 30 30
19 Pontiac Firebird GR70x15 GR70x15 25 24
20 Toyota Corolla 165R13 165R13 22 22
21 Buick Regal G78x14 G78x14 28 28
22 Chevrolet Vega 165SRx13 1658Rx13 24 30
23 Chevrolet Nova F70x14 F70x14 26 30
24 Dodge Challenger G70x14 G70x14 26 26
25 Ford Pinto A70x13 A70x13 24 24
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APPENDIX C

LISTING OF TIRE SIZE & TIRE PRESSURE
ON INDIVIDUAL VEHICLES

Tire
Vehicle Tire Size Pressure
Number Make Model Front Rear Front Rear
26 Ford Torino G78x14 G78x14 28 26
27 Oldsmobile Cutlass G78x14 G78x14 28 28
28 Plymouth Fury F78x15 F78x15 30 30
29 Pontiac Catalina HR70x15 HR70x15 24 24
30 Chevrolet Concours G78x14 G78x14 26 26
31 Chevrolet Caprice G78x15 G78x15 26 26
32 Dodge Coronet H78x14 H78x14 22 32
33 Ford LTD G75x15 G75x15 26 28
34 Oldsmobile 98 225x15° 225x15 26 30
35 Plymouth Satellite H78x14 H78x14 22 32
36 Pontiac Catalina 215x15 215x15 24 24
37 Chevrolet Camero 670x14 670x14 24 24
38 Chevrolet Nova ER70x14 ER70x14 24 28
39 Ford Mavrick D70x14 D70x14 24 26
40 Plymouth Satellite GR70x14 GR70x14 28 28
41 Pontiac Firebird F78x14 F78x14 26 24
42 Chevrolet Malibu 8.25x14 G78x14 28 28
43 Chevrolet Malibu FR70x14 FR70x14 22 26
44 Ford LD G70x15 G70x15 26 27
45 Pontiac Tempest G78x14 G78x14 24 28
46 Chevrolet Caprice G78x14 G78x14 24 30
47 Mercury Cougar F70x14 F70x14 28 28
48 Plymouth Valiant "F70x14 F70x14 24 26
49 Chevrolet Chevelle 7.75x14 7.75x14 26 26
50 Ford Mustang E78x14 E78x14 24 24
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APPENDIX

D

‘Listing of Inertia and Road Load Horsepower Used for Emission Tests

Increased All Other

Baseline Tests Inertia Actual RdHp Tests

Inertia | RdHp Inertia RdHp | Inertia { RdHp | Inertia | RdHp
01 5000 13.4 5500 13.4 5000 19.1 5000 13.4
02 4500 12.7 5500 12.7 4500 16.5 4500 12.7
03 4500 12.7 5500 12.7 4500 16.3 4500 12.7
04 4500 12.7 5500 12,7 4500 18.6 4500 12.7
05 4500 12.7 5500 12.7 4500 17.6 4500 12.7
06 5500 13.9 5500 13.9 5500 18.0 5500 13.9
07 4500 12.7 5500 12.7 4500 14.5 4500 12.7
08 4500 12.7 5500 12.7 4500 17.2 4500 12.7
09 3500 11.2 5000 11.2 3500 15.1 3500 11.2
10 2500 9.4 3000 9.4 2500 14.1 2500 9.4
11 5000 13.4 5500 13.4 5000 19.6 5000 13.4
12 5000 13.4 5500 13.4 5000 17.0 5000 13.4
13 4500 12.7 5500 12.7 4500 18.4 4500 12.7
14 4000 12.0 5500 12.0 4000 19.3 4000 12.0
15 3000 10.3 4000 10.3 3000 15.6 3000 10.3
16 4500 12.7 5500 12.7 4500 20.2 4500 12.7
17 3500 11.2 5000 11.2 3500 17.8 3500 11.2
18 4000 12.0 5000 12.0 4000 15.9 4000 12.0
19 4000 12.0 5000 12.0 4000 15.3 4000 12.0
20 2250 8.8 3000 8.8 2250 13.7 2250 8.8
21 4500 12.7 5500 12.7 4500 18.7 4500 12.7
22 2500 9.4 3000 9.4 2500 13.0 2500 9.4
23 4000 12.0 5000 12.0 4000 14.6 4000 12.0
24 3500 11.2 4500 11.2 3500 16.6 3500 11.2
25 2750 9.9 3000 9.9 2750 13.5 2750 9.9
26 4500 12.7 5500 12.7 4500 19.3 4500 12.7
27 4500 12.7 5000 12.7 4500 17.2 4500 12.7
28 4500 12.7 5500 12.7 4500 17.4 4500 12.7




APPENDIX D (Continued)

Listing of Inertia and Road Load Horsepower Used for Emission Tests

Dynamometer
i Increased All Other
Baseline Tests. Inertia Actual RdHp Tests
Inertia | RdHp |Inertia | RdHp | Inertia | RdHp | Inertia | RdHp
29 5000 13.4 5500 13.4 5000 16.2 5000 13.4
30 4000 12.0 5000 12.0 4000 17.4 4000 12.0
31 4500 12.7 5500 12.7 4500 18.1 4500 12.7
32 4000 12.0 5500 12.0 4000 17.4 4000 12.0
33 4500 12.7 5500 12.7 4500 17.2 4500 12.7
34 5000 13.4 5500 13.4 5000 20.2 5000 13.4
35 4000 12.0 5500 12.0 4000 17.1 4000 12.0
36 4500 12.7 5500 12.7 4500 16.5 4500 12.7
37 3500 11.2 4000 11.2 3500 15.2 3500 11.2
38 3500 11.2 4000 11.2 3500 15.7 3500 11.2
39 3000 10.3 3500 10.3 3000 14.0 3000 10.3
40 3500 11.2 4500 11.2 3500 15.5 3500 11.2
41 3500 11.2 4500 11.2 3500 16.2 3500 11.2
42 3500 11.2 4500 11.2 3500 l6.1 3500 11.2
.43 3500 11.2 4500 11.2 3500 17.6 3500 11.2
44 4000 12.0 5000 12.0 4000 19.1 4000 12.0
45 4000 12.0 4500 12.0 4000 15.4 4000 12.0
46 4000 12.0 5000 12.0 4000 18.5 4000 12.0
47 3500 11.2 4000 11.2 3500 17.2 3500 11.2
48 3000 10.3 4000 10.3 3000 16.3 3000 10.3
49 3500 11.2 4000 11.2 3500 16.4 3500 11.2
50 3000 10.3 4000 10.3 3000 17.1 3000 10.3
Avg 3970 11.86 | 4840 11.86 | 3970 16.81 | 3970 11.86
g 740 .1.15 798 1.15 740 1.75 740 1.15
R 2250- 8.80-1 3000- 8.80-| 2250- 13.00-{ 2250- 8.80~
5500 13.40 § 5500 13.40 | 5500 20.20 | 5500 13.40




